Assessment of Public Attitudes and Knowledge Concerning Wastewater Reuse and Biosolids Recycling by Ma, Chun
University of Tennessee, Knoxville 
TRACE: Tennessee Research and Creative 
Exchange 
Masters Theses Graduate School 
5-2003 
Assessment of Public Attitudes and Knowledge Concerning 
Wastewater Reuse and Biosolids Recycling 
Chun Ma 
University of Tennessee - Knoxville 
Follow this and additional works at: https://trace.tennessee.edu/utk_gradthes 
 Part of the Civil and Environmental Engineering Commons 
Recommended Citation 
Ma, Chun, "Assessment of Public Attitudes and Knowledge Concerning Wastewater Reuse and Biosolids 
Recycling. " Master's Thesis, University of Tennessee, 2003. 
https://trace.tennessee.edu/utk_gradthes/2108 
This Thesis is brought to you for free and open access by the Graduate School at TRACE: Tennessee Research and 
Creative Exchange. It has been accepted for inclusion in Masters Theses by an authorized administrator of TRACE: 
Tennessee Research and Creative Exchange. For more information, please contact trace@utk.edu. 
To the Graduate Council: 
I am submitting herewith a thesis written by Chun Ma entitled "Assessment of Public Attitudes 
and Knowledge Concerning Wastewater Reuse and Biosolids Recycling." I have examined the 
final electronic copy of this thesis for form and content and recommend that it be accepted in 
partial fulfillment of the requirements for the degree of Master of Science, with a major in 
Environmental Engineering. 
Kevin G. Robinson, Major Professor 
We have read this thesis and recommend its acceptance: 
Gregory D. Reed, Chris D. Cox 
Accepted for the Council: 
Carolyn R. Hodges 
Vice Provost and Dean of the Graduate School 
(Original signatures are on file with official student records.) 
To the Graduate Council: 
 
I am submitting herewith a thesis written by Chun Ma entitled “Assessment of Public 
Attitudes and Knowledge Concerning Wastewater Reuse and Biosolids Recycling.”  
I have examined the final electronic copy of this thesis for form and content and 
recommend that it accepted in partial fulfillment of the requirements for the degree of 
Master of Science, with a major in Environmental Engineering. 
 






We have read this thesis 
and recommend its acceptance: 
 
 
    Gregory D. Reed 
 
 

















Vice Provost and 
Dean of Graduate Studies 
(Original signatures are on file with official student records.) 
ASSESSMENT OF PUBLIC ATTITUDES AND KNOWLEDGE 














A Thesis  
Presented for the  
Master of Science  
Degree 





















          
 I wish to thank all those who helped me in completing my Master of Science in 
Environmental Engineering. I must thank my thesis committee for kindness, comments, 
and suggestion. Dr. Kevin Robinson, my major professor, Dr. Gregory Reed, and Dr. 
Chris Cox provided excellent guidance in this process.  Specially, I thank Dr. Kevin 
Robinson for his invaluable guidance and support. I thank Dr. Cary Springer for her 
comment and suggestion in treatment of data and thank for SSRI for conducting the 
telephone interview.  
          I would like to express my appreciation of my parents, my wife, and my sisters for 
their support, love, and encouragement. 
 iii
ABSTRACT  
A telephone survey instrument was developed and administrated to evaluate 
public attitudes and knowledge concerning wastewater reuse and biosolids recycling with 
respect to population demographics (gender, age, education level, and household 
income). Information from 300 Knox County area residents was collected and analyzed. 
The study indicated that 58% of respondents supported wastewater reuse and 75% 
of respondents supported biosolids recycling. Acceptance decreased with increasing 
possibility of contact for both wastewater reuse and biosolids recycling. For wastewater 
reuse, respondents were positive to applications not involving close personal contact 
(such as firefighting, car washing, lawn irrigation and agricultural uses), while uses of 
wastewater for possible consumption (released into potable surface or groundwater 
supplies) or applications involving close personal contact (laundry) were unfavorable. No 
significant difference was found between females and males concerning wastewater 
reuse; however, females tended to be more resistant to options that involved close 
personal contact. Age was significantly associated with attitudes. In particular, the 65 or 
over age group was significantly less supportive of wastewater reuse.  
For biosolids recycling, participants responded favorably for all eight application 
uses (on farmland, grazing land, public parks, highway medians, home gardens, lawns, 
forest land, and as mulch after composting), except those 65 years of age and older. This 
cohort felt significantly less favorable towards five of the options than did other age 
groups. No significant difference was found between females and males concerning 
biosolids recycling. Education was not statistically associated with attitudes; however, the 
high school or less group tended to be less positive than other groups. This study also 
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found that the test population was not very knowledgeable of wastewater reuse and 
biosolids recycling issues. The overall level of correct responses to six topical questions 
was less than fifty percent. Knowledge was found to be lower with increased age (≥ 65) 
and lower educational attainment level (≤ high school degree). Knowledge was 
significantly and positively associated with attitudes, so increasing knowledge was likely 
to increase public support. Additionally, this study indicated that television and 
newspaper were dominant information sources for environmental news and that sources 
such as governmental agencies, local utilities and environmental groups were likely to be 
negligible information sources. 
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Current technology allows municipal wastewater treatment systems to produce 
effluent that satisfies various regulations at a competitive cost; thus it may be possible to 
utilize treated wastewater as an alternative water supply (Crook, et al., 1999). Due to an 
increasing demand on water resources, beneficial reuse of reclaimed water in the United 
States increased 36% between 1990 and 1995 (Wayne, et al 1995).  In states such as 
Florida, wastewater reuse is expected to increase by 60% by 2020 (York and Wadsworth, 
1998). However, wastewater reuse is largely depended on public acceptance or support 
(LCRA, 1995; Broad, 1996; Bruvold 1988), and public opposition could result in the 
postponing or suspension of development projects (DeSena, 2000). 
As an inevitable by-product of wastewater treatment, about 7 million dry metric 
tons of biosolids are created per year (Tenebaum, 1997) and the amount is expected to 
increase to 8.2 million tons by 2010 (EPA, 1999). Wastewater treatment plants face the 
challenge of managing such massive quantitative of biosolids. Land application to 
enhance soil quality has become the primary method to manage biosolids. In 1998, 60% 
of the biosolids generated were used beneficially and the percentage of biosolids usage 
(rather than disposal) will grow from 63% in 2000 to 70% in 2010 (EPA, 1999). Although 
considerable independent research has demonstrated that the risks to humans concerning 
biosolids application are negligible, some public resistance to the beneficial use of 
biosolids persists.  For example, a study of New Hampshire residents indicated overall 
poor public acceptance (Goldstein, 2000), and 36% of New York state residents identified 
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sludge compost as “a serious threat" (Campbel, 2000). 
The public’s attitudes toward wastewater or biosolids treatment and reuse can 
affect whether a facility is built, where it is sited, and how it is operated.  Sometimes 
public attitudes present a significant deterrent for increasing beneficial use.  
Understanding public attitudes can allow waste managers to determine if certain 
application options would be accepted and prevents putting the public into conflict with 
the beneficial reuse program.  Also, understanding how much the public knows about 
wastewater reuse and biosolids recycling will be helpful in finding effective approaches 
toward environmental education or outreach programs. Therefore, assessment of public 
attitudes and knowledge regarding wastewater reuse or biosolids application will assist 
policymakers, regulators, and wastewater or biosolids managers in developing and 
implementing management systems that are acceptable to the public.  
Previous surveys regarding wastewater reuse or biosolids recycling primarily 
evaluated public attitudes towards specific reuse options/applications; therefore, results 
were sometimes inconsistent and incomparable between studies (Bruvold, 1985, 1988; 
Lindsay et al, 2000; Peterson and Rodriguez, 2000; Broad, 1996; LCRA, 1995; Lohman 
and Milliken, 1984). Furthermore, biosolids/wastewater surveys were seldom retested or 
revised by other researchers, so there are no formalized instruments to assess issues and 
concerns regarding the reuse of these materials. Development of a survey instrument to 
study broader issues concerning beneficial reuse of wastewater and biosolids such as 
public attitudes and knowledge is warranted. 
General environmental studies have developed reliable survey instruments and 
have accumulated decades of information regarding environmental attitudes; however, 
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little research has focused on public knowledge or the relationship between knowledge 
and attitudes regarding wastewater reuse or biosolids recycling.  The overall goal of this 
study was to assess public attitudes, knowledge and information sources concerning the 
beneficial reuse of wastewater and biosolids. Specific objectives include: 
 
• Development of a survey instrument to evaluate the general population 
concerning reuse of wastewater and biosolids, 
• Quantification of public attitudes and knowledge of residents in the Knoxville 
metropolitan area, 
• Assessment of information sources used to obtain environmental knowledge, and 
• Evaluation of results with respect to population demographic characteristics 










In the United States, an estimated 0.63 m3/capita of municipal wastewater is 
generated on a daily basis (Solley et al., 1993).  Municipal wastewater treatment plants 
currently serve 75% of the U.S. population and treat about 35,400 million gallons of 
municipal wastewater per day (EPA, 1996).  The treatment technology currently 
available can achieve various effluent requirements at a competitive cost. Municipal 
wastewater can now be used to supplement available water supplies, particularly when 
water shortages are exacerbated by growing populations and urbanization.  Reuse may 
also present communities with an opportunity for wastewater pollution reduction due to 
the higher level of treatment typically used to reclaim wastewater. 
 
Treatment Technology for Wastewater Reuse 
Decades of studies have indicated that municipal wastewater treatment 
technology is capable of producing a secondary effluent that can minimize risks to public 
health and ecological systems. Most current technologies employed in wastewater reuse 
involves a combination of membrane treatment and disinfection. Continuous Micro-
Filtration (CMF) followed by reverse osmosis (RO) or electrodialysis (EDR) produces 
high quality reclaimed water (Del and Durham, 1999). A combination of coagulation, 
absorption, and ultra-filtration for wastewater treatment and reuse has been shown to be 
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effective (Abdesseme, 2000). The performance of disinfection by UV and ozone has been 
evaluated and approved for use by the European Commission (Liberti, 2000).  For less 
strict wastewater quality requirements, (such as agriculture, landscape, or golf course 
irrigation), stabilization ponds (Mara, 2000) or hybrid wastewater stabilization ponds 
with additional storage treatment reservoir systems (Liberti et al, 1999) have been shown 
to be highly efficient with low cost and low maintenance. 
 
Wastewater Reuse Applications 
Uses for reclaimed municipal wastewater can be classified into the following 
categories: urban, industrial, agricultural, groundwater recharge and augmentation of 
potable supplies, recreational, and habitat restoration/enhancement. Urban reuse systems 
provide reclaimed wastewater for various non-potable purposes including irrigation of 
public parks, recreation centers, athletic fields, schoolyards, playing fields, highway 
medians and shoulders, landscaped areas, and golf courses. Non-potable wastewater 
reuse only requires the conventional water and wastewater treatment technologies that are 
readily available. Furthermore, because properly implemented reuse does not promote 
significant health risks, non-potable applications have generally been accepted and 
endorsed by the public where introduced. Alternative non-potable uses include 
commercial applications such as vehicle washing, window washing, mixing water for 
pesticides, herbicides, and liquid fertilizers, use in ornamental landscape and decorative 
water features (such as fountains, reflecting pools and waterfalls), dust control and 
concrete production on construction projects, fire protection, and toilet/urinal flushing in 
commercial and industrial buildings (EPA, 1992). 
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Industrial wastewater reuse represents a significant potential market for reclaimed 
water in the U.S. and other developed countries. Prospective uses include: evaporative 
cooling water, boiler-feed water, process water, and irrigation/maintenance of plant 
grounds. The Boeing Company’s new park office in Renton, WA was the first facility in 
the Pacific Northwest to use a municipal wastewater treatment effluent-based cooling 
system (Andrew and Clapham, 1996).  Reclaimed municipal wastewater has also been 
used for cooling tower makeup water in Maryland (Brown and Mountain, 1998), and in 
cooling systems for office buildings in Japan (Asano et al, 1996).  
Agricultural irrigation uses currently represent about 40% of the total water 
demand nationwide (Solley et al., 1993).  The use of reclaimed municipal wastewater in 
agriculture has been well accepted and is still the major application for water reuse.  
California uses over 40% of its 4.32×105m3/yr reclaimed water for agriculture or 
landscape irrigation (Asano, 1996). In Central Florida, use of reclaimed water for citrus 
irrigation (Zekri, 1994; Maruer, 1995) has occurred for years. Additionally, about 
68,000m3/day of secondary effluent have been pumped approximately 14 km to irrigate 
cropland in the city of Tallahassee, Florida since 1996 (Robert and Bidak, 2000).  
There are numerous successful projects that demonstrate the various beneficial 
aspects of wastewater reuse. Landscape irrigation projects have been particularly 
successful applications of reclaimed wastewater. A successful water reclamation venture 
in the San Francisco Bay area reclaimed 4% of the dry weather flow for landscape 
irrigation in a number of public communities (Hermanowicz, 1999). Also in California, a 
3,500-acre golf course in Sacramento was irrigated with reclaimed municipal wastewater 
(Fuot, et al, 1995). In Tunisia, golf courses are regularly irrigated with treated secondary 
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effluent stored in a landscape impoundment (Bahri et al, 2001). 
In addition to non-potable applications, indirect uses of reclaimed wastewater also 
exist. Indirect potable reuse occurs when treated municipal wastewater is discharged into 
a water body that subsequently is used as a source of drinking water. An example of this 
application is the water reclamation project at Arrowhead Lake in California, where 
tertiary-treated wastewater is discharged into a lake that serves as a drinking water source 
(Mardired et al, 1997). Similar surface water projects have also been carried out in San 
Diego, CA (Thompson, 1992) and in Saudi Arabia (Isheq and Kham, 1997; Kanerk and 
Michale, 1996). An alternative indirect potable reuse application involves injection of 
reclaimed water into the groundwater for storage and subsequent use to augment potable 
supplies. An example of this application is the groundwater replenishment system in the 
Orange County Water District of California which will provide 120 million gallons of 
reclaimed water per day to help satisfy the overall potable water demand in the area 
(Crook, 1999).   
Ornamental and recreational reuse have also been carried out, including the 
discharge of treated municipal wastewater into city streams during dry seasons (Okun, 
1997) and river flow augmentation (Juanico, 1999). Additional applications of municipal 
wastewater reuse include creation or enhancement of wetland habitat and direct potable 
reuse. (Hermanowicz, 2001; Gura and Alsalem, 1992; Bahri et al.,2001; Lauer et al, 






Since the federal clean water act was enacted in 1972, wastewater treatment 
plants have been constructed or modified throughout the United States to meet various 
regulations and standards for clean effluent.  As a result, wastewater treatment generates a 
large amount of treated sewage sludge (biosolids).  Based on the amount produced in 
typical primary and secondary wastewater treatment plants, the national production of 
sewage sludge was approximately 7 million metric tons per year in 2000. The quantity of 
sludge is expected to increase as sewer systems serve a greater percentage of the 
population and as advanced wastewater treatment processes are brought on-line 
(Tenebaum, 1997; Bastan, 1997).  Future biosolids production is expected to increase to 
7.6 million dry tons in 2005, and 8.2 million dry tons in 2010 (EPA, 1999). Hence, 
management of biosolids in an environmentally sound and cost-effective way will be a 
requirement of all waste solids generators. 
 
Classification of Biosolids 
The EPA defines biosolids as the solid product yielded by primary or secondary 
municipal wastewater processes and treated to meet rules in 40 CFR Part 503 (EPA, 
1992). As the residue of the wastewater treatment process, biosolids are mainly organic 
materials that typically contain macronutrients (3.2% nitrogen, 2.3% phosphorus, 0.3% 
potassium) and micronutrients. Thus, biosolids can serve as a soil enrichment product 
that can supplement (or replace) commercial fertilizers. 
Biosolids have been categorized into class A and class B based on contaminant 
levels. Class A biosolids undergo advanced treatment to meet rules in 40CFR Part 503 
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concerning pollutants including pathogen levels (fecal coliform <1000MPN/g or 
salmonella 3 MPN/4g).  Treatment processes such as heat drying, composting, and high-
temperature aerobic digestion typically achieve Class A pathogen reduction requirements. 
When Class A biosolids meet vector reduction requirements and Part 503 concentration 
limits for metals, this material can be used for the same purpose as any other fertilizer or 
soil amendment product. Class B biosolids are treated, in part, to reduce pathogens to a 
fecal coliform level of less than 2×106 MPN/g.  Thus, Class B biosolids require crop 
harvesting and site restrictions to minimize the potential for human and animal contact 
until natural attenuation of pathogens occurs.  Class B biosolids can be applied on 
agricultural and forest lands, reclamation sites, and other controlled sites when Part 503 
vector, pollutant, and management practice requirements are met. 
 
Biosolids Treatment 
The most common types of biosolids treatment processes are stabilization and 
dewatering. Stabilization refers to a number of processes that reduce pathogen levels, 
odor, and volatile solids content.  Major methods of stabilization include alkali (lime) 
stabilization, anaerobic digestion, aerobic digestion, composting, and/or heat drying. 
Dewatering removes excess water from biosolids and is generally performed before 
biosolids are land applied, composted, landfilled, dried (e.g., palletized or heat dried), or 
incinerated. A number of dewatering processes can be used, including air drying, 




Biosolids Application Options 
There are a variety of land application sites for biosolids, such as agricultural 
lands, forests, mine reclamation sites and other drastically disturbed lands, public parks, 
highway median, and golf courses. Landscapers, nurseries, and homeowners frequently 
use composted and treated biosolids for lawns and home gardens.  Agricultural land 
application of biosolids has occurred in many countries and 67% of recycled biosolids are 
applied to farmland in United States (EPA, 2002). The application of biosolids to 
forestland, which currently accounts for a relatively small percentage of biosolids use, 
can help shorten pulpwood and lumber production cycles by accelerating tree growth 
(EPA, 1994).  At reclamation sites, biosolids help revegetate barren land and control soil 
erosion; relatively large amounts of biosolids are used to achieve these goals.  Composted 
and heat-dried or palletized biosolids are often sold or given away in bags or bulk 
quantities for use on public lands, lawns, and in home gardens.  The use of biosolids in 
manufactured soils is a growing market that can aid in erosion control, especially during 
roadway construction (EPA, 1999). 
Recycling of biosolids onto land surfaces to enhance soil quality has become the 
primary management goal of most beneficial reuse programs. According to the EPA 
(2002), 67% of recycled biosolids go to farmland; 12% are given or sold to the public in 
containers; 9% are used to revitalize land that has been damaged by events such as 
mining, and 3% of total recycled biosolids are sprayed into the forest. A number of 
communities have reported successful implementation of biosoids land application 
programs. For example, Drawer County, Colorado, has land applied 36,875 wet tons of 
biosolids to croplands since 1992, and the demand for biosolids in this area is expanding 
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(Scharp and Goldstein, 2000).  In Sacramento County, 125,000 wet tons of biosolids have 
been recycled and most were land-applied (Block, 1997).  In Columbus, Ohio 6.5 dry 
tons/day of biosoolids were land-applied by surface injection to cropland (Harrison et al, 
1999).  For many years, Chicago’s biosolids were spread on former coal strip mines in 
Fulton County, IL, and about 2,000 acres of damaged land have been returned to 
agricultural use.  
A relatively new treatment of biosolids is composting. According to a Biocycle 
magazine survey in 1995, there were 330 biosolids composting projects that year in the 
U.S. (Goldstein and Nora, 1998). In Norway, composting, along with other biological 
treatment methods, is still recommended as the best method to treat organic residues 
(Kristina, 1998). Additionally, resource recovery of biosolids as a building and 
construction material may be a future trend in waste management (Nagaharu and Shiro, 
1997; Tay, 1997). For example, scale applications that utilized biosolids during brick 
production can recover half of the overall operation costs (Joo et al, 1997).  
 
 
Potential Barriers and Public Concerns 
Since the late 1970’s and early 1980’s, source controls and industrial wastewater 
pretreatment programs have been initiated to limit the discharge of industrial pollutants 
into municipal sewers, and these programs have resulted in a dramatic reduction of toxic 
pollutants in wastewater and sludge (Stehouwer et al.2000; NRC, 1996).  Several decades 
of research and operational experience have shown that through proper treatment and 
management, federal and state regulations can be met for reuse of wastewater and 
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biosolids (Crook, 1999; Lauer, 1993; Oliver et al, 1998; Terry et al., 1995).    However, 
several factors limit the potential for expanding the beneficial use of reclaimed 
wastewater and biosolids.  These factors include limited public acceptance; lack of 
thorough understanding of the long-term effects to soil, groundwater, and ecological 
systems; environmental and health concerns such as odors, bioaerosols and certain cost 
factors.  The public, government, and academic institutions have all indicated, at one time 
or another, a resistance to wastewater and biosolids reuse programs.  Public resistance 
postponed or suspended wastewater reuse projects in San Diego, CA and Tampa, FL 
(Desna, 2000).  Sixteen counties have used local government action to stop biosolids 
programs. A Cornell University study indicated that farmers and sludge handlers who 
follow EPA guidelines may still be putting the public at risk (Harrision et al., 1999). 
Additionally, negative impacts such as contamination of groundwater and an increase in 




  Environmental Attitudes and Knowledge  
General Attitudes toward Reuse of Wastewater or Biosolids 
Although considerable independent research exists and indicates that the risks to 
humans are low, public resistance to the beneficial use of reclaimed wastewater and 
biosolids persists based on concerns about potential health problems, the environment, 
and nuisances. Public concerns are based, in part, on perceptions relating to the origin of 
biosolids/wastewater as well as problematic past management practices (USDA, 1997).  
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Over the past several decades, a number of surveys have been conducted to evaluate 
public attitudes toward the beneficial reuse of reclaimed wastewater and/or biosolids.  
Bruvold (1981, 1985, and 1988) summarized the results of several surveys that assessed 
public attitudes toward 27 uses of reclaimed water. His findings indicated that attitudes 
toward wastewater reuse were positive overall; however, specific options, such as reuse 
for drinking, were negatively perceived.  Broad (1996) noted a similar tendency in 
perception regarding wastewater reuse and further determined that females were less 
positive to personal use options and worried more about the health and safety aspects of 
reclaimed wastewater reuse.  A survey by Lohaman and Milliken (1987) indicated an 
overall positive attitude with no significant change in general public attitudes between 
1982 and 1985. Other surveys have also noted positive attitudes toward overall 
wastewater reuse (Hill, 1997; LCRA, 1995). 
Surveys used to obtain information concerning public attitudes toward biosolids 
recycling have revealed inconsistent results. Rodriguez and Peterson (1999) found that a 
solid majority (82.3%) of respondents would personally be willing to apply biosolids to 
farmland yet Logan (1995) and Halstead et al. (1998) reported only moderately positive 
attitudes for biosolids land application from respondents.  According to Lindsay et al. 
(2000), some towns in New Hampshire have prepared to completely prohibit land 
application of biosolids. A rash of negative coverage in the national media, a 
congressional hearing, and an Inspector General’s report on the U.S. EPA’s biosolids 
management programs are likely to hamper future advances in biosolids recycling 
(Goldstein, 2000).  
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Factors Influencing Pubic Attitudes 
Many factors that influence public attitudes on wastewater reuse and biosolids 
recycling have been identified such as demographics, knowledge, trust or belief, cost, 
health and environmental concerns, and information sources utilized. Bruvold (1981, 
1985, 1988) found that younger, well-educated people with higher incomes were 
associated with more positive attitudes than the reverse.  Degree of contact was found to 
be a more reliable predictor than one comprised of indicators including environment, 
treatment, distribution, and conservation ratings. Lohman and Milliken (1987) also found 
an inverse relationship between age and acceptance.  Males tended to be more supportive 
than females, and people from households with children were slightly more willing than 
average to drink reclaimed water; however, results also suggested that factors other than 
intimacy of contact appeared to be of importance in respondents’ levels of support. For 
example, environmental impacts, conservation factors, and economic costs of various 
kinds all seem to be better predictors of pubic acceptance than a standard based on 
intimacy of contact.  Broad (1996) indicated that health and safety rather than cost were 
considered important in convincing people to drink and cook with reclaimed water.  Hill 
(1997) found concerns related to health risks were the top factor. Yet according to 
Rodriguez and Peterson (1999), four variables--trust, knowledge, anti-technologies and 
alienation--were main factors in explaining attitudes. Additionally, trust in industry, 
government regulatory agencies, and science figured prominently in the decision to 
accept or reject reuse projects.  Education and knowledge had direct effects, while the 
effect of age was reversed. Technical information about biosolids had little impact on 
acceptability. Lindsay (2000) found that most socioeconomic characteristics of the 
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respondents did not influence attitudes towards their acceptance or rejection of boisolids 
applications. Survey results suggested that as the volume of media information increases, 
support decreases, and that perception of the potential economic benefits and negative 
impacts from biosolids land application can be very influential in achieving public 
acceptance. 
Factors influencing attitudes toward general environmental issues or specific 
issues (such as siting of landfills or nuclear storage/transport) may or may not be similar 
to those influencing attitudes toward wastewater reuse or biosolid recycling. 
Demographics (gender, age, education, income, household children, duration of resident, 
political status, or religious), and other factors such as knowledge, distance, and belief or 
trust have been identified in influencing attitudes concerning environmental issues 
(Arcury, 1990; MacGregor et al, 1994; Van Liere and Dunlap, 1980; McBeth and Oakes, 
1996). However, the influence of these factors on attitudes toward wastewater reuse or 
biosolid recycling (when studied) was inconclusive. 
 
Environmental Knowledge 
Knowledge was found to be consistent and positively correlated with 
environmental attitudes (Arcury, 1987; McBeth and Oakes, 1996). Previous survey 
results indicated that overall environmental knowledge was found to be low (Pooley and 
O’Connor, 2000; Arcury and Christinason, 1993; NEETF, 2001; Gambro and Switzky, 
1996). For wastewater and biosolids reuse, knowledge concerning these issues was rare 
and poorly understood (Willins and Patterson, 1987). For example, only one-third of the 
respondents queried reported knowing anything about the process of generating and/or 
 16
applying biosolids (Rodriguez and Peterson, 1999). It has been suggested that public 
attitudes can be more positively impacted by increasing public knowledge concerning 
how advancements in biosolids technologies and regulations governing the use and 
disposal of wastewater or biosolids have resulted in high-quality products that are safe 





Study Population and Sampling Method 
The sample population chosen for this study was selected from the metropolitan 
region of Knoxville, TN. According to the 2000 census (Knoxville Metropolitan Planning 
Commission, 2002), the City of Knoxville population is 173,890 with a total city/county 
population of 382,032. The gender distribution is 48.4 percent male and 51.6 percent 
female with a median age of 37.3. The ethnic distribution is 91.3% Caucasian, 5.78% 
Africa American, 1.26% Hispanic, 0.99% Asian, and 0.28% native American. The 
education level distribution is: 17.5% less than high school, 27.2% graduated from high 
school, 26.3% some college, and 39.1% bachelor degree or higher. The median 
household income was $37,454 in 1999. 
To accurately assess the attitudes of Knoxville area residents concerning 
wastewater reuse and biosolids recycling, a sample size of 300-400 was indicated (Social 
Science Research Institute, 2002). Previous studies concerning environmental issues 
(including attitudes toward wastewater reuse and biosolids recycling) utilized sample 
sizes between 100 and 642 (Bruvold, 1985,1988; Lindsay et al, 1997; Ahamad, 1991; 
Lohman and Milliken, 1984; Jeffery and Jefferson, 2001). Additionally, a telephone 
survey of Knox County, TN residents concerning environmental issues utilized sample 
size of 400 (Yard, 1999). Based on available funding, a maximum sample size of 300 was 
selected for study. The margin of error for this sample size was calculated to be 0.56% 
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indicating that the findings from the survey are representative of the general population to 
within ± 5.6 percentage points at a statistical confidence level of 95%.   
In this study, Random Digit Dialing (RDD) techniques were used to generate the 
sample population. The sampling procedure was conducted by the Social Science 
Research Institute of The University of Tennessee using the GENESYS sampling system. 
The system is made up of several databases and sample generation algorithms, and 
supported RDD telephone sampling for any geographic area down to the census tract 
level. In-depth reports providing detailed information regarding GENSYS sampling 
systems are available upon request from the Marketing Systems Group (www.msg.com). 
 
 
Development of the Survey Instrument 
Since there were no pre-designed instruments available to meet the research goal 
of this study, a telephone survey was developed specifically for this study. The objective 
of the instrument was to evaluate knowledge of reclaimed water and biosolids, ascertain 
attitudes toward reclaimed water reuse and biosolids recycling in general as well as for 
specific options, and assess main information sources of environmental knowledge.  
The format for the survey instrument was determined after assessment of a variety 
of previously developed surveys. Ultimately, it was determined that a four-section 
questionnaire was needed. Section one identified public attitudes toward wastewater 
reuse and biosolids recycling; section two classified information sources for 
environmental knowledge; section three assessed public knowledge; and section four 
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solicited demographic information. Upon consultation with survey researchers (Younger, 
2002; Springer, 2002) a 10-minute maximum time frame was indicated to maximize 
participation in this type of telephone survey. Eventually, a survey instrument of 35 items 
was formulated. The complete survey instrument can be found in Appendix A. 
Section one included sixteen potential applications to evaluate public attitudes 
toward wastewater reuse or biosolids recycling. For wastewater reuse, most of the 
applications were taken from previous surveys (Bruvold, 1985, 1988; Lohman and 
Milliken, 1984). Applications concerning biosolids recycling were taken from a previous 
study, based on existing recycling programs or based on potential applications found in 
the literature (Lindsay et. al, 1997; Water Environmental Research Foundation, 1993). 
Therefore, applications assessed regarding current wastewater reuse and biosolids 
recycling can also be compared to previous survey results to assess attitudinal changes 
over time. The scaling technique for assessing public attitudes was designed to produce a 
Likert-type rating scale. This scale was chosen because it is relatively easy to construct 
and can be highly reliable. The purpose of scaling is to place each statement on an 
effective continuum from strongly disagree to strongly agree and then locate participant 
responses with respect to the scale. The response format was presented on a 5-point scale: 
strongly disagree=1, disagree=2, not sure=3, agree=4, and strongly agree=5. Attitude 
mean of all options was defined as overall attitude which was classified as positive (≥3) 
and negative (<3). 
Section two included eight main information sources that could be used by 
participants to keep abreast of various environmental issues. This aspect of the survey 
was used to identify potential media platforms for subsequent educational programs. The 
 20
respondents were asked to rate frequency of utilization according to three point scales: 
frequently, sometime, and never. 
Section three was used to evaluate public knowledge concerning wastewater and 
biosolids; however, a review of the literature revealed little research that dealt directly 
with assessment of knowledge concerning wastewater and biosolids. Therefore, the 
knowledge section of the survey was developed as follows. First, approximately thirty 
questions used to assess general environmental knowledge were collected from existing 
sources such as EPA, academic institutions, environmental groups or companies, and 
utility companies. Second, collected questions were modified for relevance to wastewater 
reuse or biosolids recycling then revised for telephone survey use. Finally, because of 
time constraints, only six questions were selected as survey items. These questions were 
then modified to conform to NEETF Survey formatting (see Appendix B for survey 
questions and correct answers). The NEETF format was utilized because it was 
developed specifically to evaluate public knowledge and attitudes concerning 
environmental issues, and has been repeatedly used in nation-wide telephone surveys. To 
evaluate public knowledge on reclaimed water and biosolids, a three-point scale was 
used: true=2, uncertain=1, and false=0. 
Section four collected demographic data within five categories: gender, age, 
educational levels, ethnicity, and household income. This information was used to make 
comparisons among the subgroups. 
Once developed, the survey was critically evaluated by survey research  faculty in 
the Statistics and Nursing fields at the University of Tennessee. Additionally, the survey 
instrument was reviewed by survey professionals at the Social Science Research Institute 
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(SSRI) at the University of Tennessee. Because of time and funding constraints, validity 
assessment of the survey instrument was not established; however, the subjective analysis 
of experts is the preferred alternative in the absence of statistical analysis because each 
experts can comment on the changes needed based on experience (Hather, 1989). Upon 
significant revision after expert assessment, the survey instrument was finalized.  
 
 
Data Collection and Analysis 
Information was entered into the Statistical Package for the Social Sciences 
(SPSS) software during the survey process and was ready for analysis in April 2002. The 
following two assumptions were made for data analysis: (1) the variables measured 
would be normally distributed within the population and (2) all categorical variables 
would represent ordinal data. Inferential statistics were utilized to analyze the data. 
However, actual survey data typically does not follow a strict normal distribution. 
Although theory requires normal distribution, general statistical practice allows for 
deviation from normal distribution and considers such deviations as acceptable in 
analysis of data. 
 
 
Definition of Statistical Terms 
p value 
The p value, also called Observed Significance Level, is the basis for deciding 
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whether or not to reject a null hypothesis. It is the probability that a statistical result as 
extreme as the one observed would occur if the null hypothesis were true. Using p values 
researchers may decide to accept or reject a null hypothesis at a given significance level. 
If the observed significance level is small enough, usually less than 0.05 or 0.01, the null 
hypothesis is rejected. In this study, the significant level was chosen as 0.05, unless 
otherwise noted.  
Chi-Square Test 
The Chi-Square Test procedure tabulates a variable into categories and computes 
a chi-square statistic. This goodness-of-fit test compares the observed and expected 
frequencies in each category to test either that all categories contain the same proportion 
of values or that each category contains a user-specified proportion of values. 
Analysis of Variance (ANOVA) 
 An overall analysis of variance test is conducted to assess whether means on a 
dependent variable are significantly different among groups. The ANOVA F test 
evaluates whether group means on the dependent variable differ significantly from each 
other. If the overall ANOVA (main effects and interaction effects) is significant and a 
factor has more than two levels, follow-up tests are usually conducted. These follow-up 
tests frequently involve comparisons between pairs of group means.  
Multivariate Analysis of Variance (MANOVA) 
MANOVA tests the hypothesis that the population means for the dependent 
variables are the same for all levels of a factor (factors) across all groups. MANOVA 
evaluates a hypothesis that includes not only equality among groups on the dependent 
variables but also equality among groups on a linear combination of these dependent 
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variables. If MANOVA is significant, follow-up analyses can assess whether there are 
differences among groups on the population means for certain dependent variables and 
for particular linear combinations of dependent variables. In this study, multiple ANOVA 
was conducted as the follow-up approach, one for each dependent variable, and to control 
for type I error across these multiple tests using the Bonferroni approach. If any of the 
ANOVA tests yield significance and the factor contains more than two levels, additional 
follow-up tests are performed. These tests typically involve post-hoc comparisons among 
levels of the factor, although they may involve more complex comparisons.  
Post-hoc Test 
Once it has been determined that differences exist among the means, post hoc 
range tests and pairwise multiple comparisons can determine which means differ. Range 
tests identify homogeneous subsets of means that are not different from each other. 
Pairwise multiple comparisons test the difference between each pair of means, and yield a 
matrix which can be used to identify significantly different group means at a 
predetermined level (usually 0.05). 
Correlation Coefficient 
A scatter diagram can reveal if two items are related, the amount of scatter gives a 
rough measure of correlation strength. The Pearson product-moment correlation 
coefficient was used in this study. A coefficient of –1 represented a perfect negative 
correlation, 0 represented a total lack of correlation and +1 represented perfect positive 
correlation. The correlation coefficient is represented by r. The square of the Pearson 
product-moment correlation coefficient is referred to as the coefficient of determination 
in that it provides a better feel for the relationship strength.  
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CHAPTER Ⅳ 
RESULTS AND ANALYSIS 
 
The survey for this study was prepared and conducted during September 2001 
through March 2002; final survey data was obtained and ready for analysis in April 2002. 




The demographic profile of survey participants was compared to the 2000 census 
data for the survey region to evaluate if it was representative of the general population. 
Figures 4.1 through 4.5 depict the demographic profile obtained in the survey. The ratio 
of females to males in this study was about 6:4 (Figure 4.1), while the female/male ratio 
from the 2000 census was about 4.8:5.1. The study results are not surprising since 
telephone surveys typically reflect higher female participation. Compared with the 2000 
census, the age distribution of the study population indicated no significant difference 
with overall population (p=0.28). Figure 4.2 shows the age distribution of the sample.  
The education level distribution can be seen in Figure 4.3. A Chi-Square test (p=0.16) 
showed that there was no significant difference in educational level between results from 
the 2000 census and this study. Figure 4.4 denotes that white participants dominated the 
sample population which is consistent with the 2000 census information. Additionally, a 













































































Household Income  
 
Figure 4.5 Distribution of 2001 household income 
 
significant difference in household income between the study population (Figure 4.5) 
and the general population. An overall comparison of the sample profile with the general 
population indicated no large bias in any demographic category. A summary of 




Attitudes toward Wastewater Reuse 
Overall Attitudes Toward Wastewater Reuse 
The Likert-scale was utilized in this survey because of its wide application in 
surveys concerning environmental issues (Jackson, 1985; Dunlap, 1989). Participant 
attitudes were represented using a 1-5 agreement scale: strongly disagree=1, disagree=2, 
neutral=3, agree=4, and strongly agree=5. Attitude mean of eight reuse options was 
defined as overall attitude which was classified as positive (≥3) and negative (<3).  
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Table 4.1 Summary of respondent demographic characteristics 
 
Demographic Characteristics Frequency Percent Valid Percent*
Gender     
 Male 121 39.9 39.9 
 Female 182 60.1 60.1 
Age     
 18-24 20 6.6 6.7 
 25-34 39 12.9 13.1 
 35-49 102 33.7 34.3 
 50-64 84 27.7 28.3 
 65+ 52 17.2 17.5 
 Missing  6 2  
 Total 303  100 
Education    
 Did not complete high school 24 7.9 7.9 
 Graduate from high school 78 25.7 25.8 
 Some college or university 88 29 29.1 
 Graduate from college / university 74 24.4 24.5 
 Complete masters or higher 38 12.5 12.6 
 Missing  1 0.3  
 Total 303  100 
Ethnicity     
 White 268 88.4 91.2 
 Black 16 5.3 5.4 
 Hispanic 2 0.7 0.7 
 Asian 3 1 1 
 American Indian 2 0.7 0.7 
 other 3 1 1 
 Missing  9 3  
 Total 303  100 
Income     
 <$25,000 73 24.1 26.1 
 $25,000-$50,000 96 31.7 34.3 
 $50,000-$100,000 88 29 31.4 
 $100,000+ 23 7.6 8.2 
 Missing  23 7.6  
 Total 303  100 
    * corrected for missing data.
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Participant percentages for each response concerning wastewater reuse are provided in 
Table 4.2. Attitude means towards the eight wastewater reuse options are illustrated in 
Figure 4.6. Table 4.2 and Figure 4.6 show that in this study, respondents generally 
support wastewater reuse (attitude mean=3.27, sd.=0.83); however, attitudes toward 
specific reuse options vary considerably. Respondents hold positive attitudes (mean ≥3) 
toward five wastewater reuse options: firefighting, golf course irrigation, lawn/garden 
irrigation, agriculture irrigation, and car washing. Four of the options were strongly 
supported (mean >3.9). Discharging reclaimed water into a reservoir or groundwater used 
as a drinking water supply were strongly disapproved. Attitude means of eight reuse 
options were collapsed into two groups (positive (≥3) and negative (<3)) for comparison 
with previous research results (Table 4.3). In general, results of this study indicated less 
support for six of the seven reuse options previously assessed. 
Figure 4.6 also shows that though people generally support most of the water 
reuse options, acceptance decreases considerably for options with greater possibility of 
contact/ingestion. For instance, discharging reclaimed wastewater into a reservoir or 
groundwater used as drinking water supply received over 50% “strongly disagree”. A 
similar trend was also noted by Bruvold (1988). Broad (1996) found that acceptance 
decreased as the purpose for reuse became more personal. Although such factors as health 
or safety, degree of contact, and personal purpose could not fully explain the attitudes 
toward wastewater reuse noted by Broad (1996), he concluded that they were likely to be 
reliable predictors to estimate public attitudes. 
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Recycled wastewater can be safely used for fire 
fighting 7.0 3.0 3.7 20.4 65.9 
Recycled wastewater can be safely used for golf 
course irrigation 9.6 5.5 4.1 26.5 54.3 
Recycled wastewater can be safely used for 
watering yard 12.0 5.7 2.7 26.1 53.5 
Recycled wastewater can be safely used for 
vehicle washing 14.6 6.3 3.6 23.5 52.0 
Recycled wastewater can be safely used for 
watering farm crops 25.2 9.3 7.6 20.3 37.5 
Recycled wastewater can be safely used for 
Laundry 38.6 15.5 4.6 18.5 22.8 
Recycled wastewater can be safely discharged 
into a reservoir for a drinking water supply 63.1 15.0 7.3 7.3 7.3 
Recycled wastewater can be safely Pumped into 






























































Figure 4.6 Mean of attitude concerning eight wastewater reuse options (mean <3, mean=3, 
                      mean>3 indicate negative, neutral, and positive attitudes respectively). 
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Table 4.3 Percentage of respondents agreed to wastewater reuse options 








Firefighting -- -- -- 90.0 
Golf course irrigation -- 96 -- 84.9 
Lawn or garden irrigation 90.7 97 94 82.3 
Car washing 96 -- 63 79.1 
Agricultural irrigation -- 87-90 96 65.4 
Laundry 72.2 77 79 45.9 
Groundwater recharge -- 77 -- 22.2 
Shower or bath 56.4 63 65 -- 
Flushing toilet 96.2 96 96 -- 
Drinking 32.3 56 27 22.1 
 
 
Analysis of Attitudes on Wastewater Reuse by Demographic Status  
After determining overall attitudes of the general metropolitan Knoxville 
population concerning wastewater reuse, a more detailed analysis was performed on the 
same population according to the specific demographic characteristics of gender, age, 
education level, and household income.  The purpose was to determine if the various 
groups comprising the general population differ from each other with respect to their 
attitudes toward wastewater reuse options and whether any of the groups have 
meaningful differences in opinions from those expressed by the population as a whole. 
 
Attitudes toward Wastewater Reuse by Gender 
Multivariate analysis of different gender attitudes surrounding the eight options 
shows significant differences (p<0.001), indicating that females and males hold different 
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attitudes toward one or more wastewater reuse options. The follow-up comparison test 
revealed that females were more negative than males regarding discharging of recycled 
wastewater into groundwater for subsequent use as a drinking water supply (p=0.003).  
No significant differences were indicated regarding other reuse options (Table 4.4).  
Although results indicate that males and females do not significantly differ on 
wastewater reuse, gender differences may exist. Figure 4.7 shows that females tended to 
be more positive (i.e. higher attitude means) than males for three options: golf course 
irrigation, lawn irrigation, and car washing; however, females also appeared to be more 
resistant (i.e. lower attitude means) than males for four options: agriculture irrigation, 
laundry, discharge into reservoirs, and groundwater recharge. Similar results were 
reported by Sydney Water (1996).  It appears that the options in which female mean 
scores were lower than those of men carry a potential higher health and/or personal 
contact risk. For example, wastewater discharged into a reservoir or groundwater may be 
potentially consumed. Additionally, using reclaimed water for laundry will increase the 
 
Table 4.4 Multivariate test by gender concerning attitudes toward wastewater reuse 
      Wastewater reuse options F Sig. Level 
Firefighting 0.000 0.995 
Golf course irrigation 0.645 0.422 
Lawn irrigation 0.588 0.444 
Car washing 1.424 0.234 
Agricultural irrigation 0.451 0.503 
Laundry 1.819 0.178 
Reservoir discharging 0.516 0.473 
Groundwater recharging 9.012 0.003* 






























































Figure 4.7 Attitudes toward eight wastewater reuse options by gender (mean <3, mean=3, 
                      mean>3 indicate negative, neutral, and positive attitudes, respectively) 
 
possibility of physical contact.  Since females generally perceive risk to be much higher 
than males with regard to environmental exposure (Richard and Peterson, 1998; Richard 
and McGarrity, 1994; Bord and O’Connor, 1997), the tendency of females to respond 
negatively to personal contact options may be due to concern about health risks. 
Alternatively, Block and Eckberg (1997) suggested that gender-differences concerning 
environmental issues could be attributed to females’ socialization to the caregiver role 
and structural position in the home. Considering the complexity of issues influencing 




Attitudes toward Wastewater Reuse by Age 
Five age categories were initially established for study: 18-24, 25-34, 35-49, 50-
64, and 65 or above. However, because of the limited number of respondents in the 18-24 
age group (17), it was combined with the 25-34 age group (for statistical purpose) to 
represent the youngest members of the study group. Thus, the age groupings evaluated in 
this study were: 18-34 (N=55), 34-49 (N=94), 50-64 (N=79), and 65 or above (N=48). 
Multivariate analysis revealed significant differences between age groups (p<0.001), 
indicating that respondents from different groups tended to hold different attitudes 
concerning wastewater reuse. Post-hoc analysis identified that the 65 or over age group 
was significantly less positive to reuse of wastewater for laundry 
(F(3,12.7)=4.787,P=0.003). Moreover, the 65 and over age group was significantly less 
positive in their overall attitudes toward wastewater reuse in general than the other age 
groups (F(3,3.539)=5.377,p=0.001). Figure 4.8 shows that this age group disagreed (lower 
mean score) with more options in general than any other age group. Other survey results 
(Jones and Dunlap, 1992; Hamilton, 1985) identified age as an important variable related 
to environmental attitudes or concerns, with support decreasing with age. Bruvold (1988) 
and Lonman and Milliken (1984) also found age-based tendencies and suggested that 
young people were more positive about water reuse than older people. In general, it 
appears that environmental attitudes will be less positive when respondents belong to 
older age groups (≥65). 
 
Attitudes toward Wastewater Reuse by Education 
In this survey, participants were divided into five educational categories: those 
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who had not completed high school, those who graduated from high school, those who 
had some college or university education, those who graduated from college or an 
university, and those who had completed a master’s degree or higher.  From the 
descriptive analysis report, the group size of “did not complete high school” was small 
(19) and was combined with the “graduated from high school” group for statistical 
purposes.  Recoded age categories were “high school or lower” (N=90), “some college or 
university” (N=82), “graduated from college or university” (N=72), and “completed 
master’s degree or higher” (N=35). 
Multivariate analysis indicated significant differences among education levels for 
two options: firefighting (F(3,4.26)=3.25,p=0.022) and discharging reclaimed wastewater 
into reservoirs (F(3,5.28)=3.36,p=0.019) (Table 4.5). Respondents were likely to hold 
different attitudes toward these two options. Multivariate analysis indicated no significant 
differences for the other reuse options. Results also suggest that respondents with 
different education levels do not statistically differ in their overall attitude toward 
wastewater reuse (p=0.31). 
Follow-up comparison tests were conducted to identify which group(s) tended to 
have statistically different attitudes toward the firefighting and reservoir options and 
whether their attitudes were more positive or negative. For firefighting, there was a 
significant difference between “some college or university” and “completed master’s 
degree or higher” (p=0.035).  Those in the “some college or university” category showed 
more positive attitudes than respondents in the group “completed master’s degree or 
higher” (mean difference=0.67). For the option of discharging reclaimed water into 




































































Figure 4.8 Attitudes toward eight wastewater reuse options by four age categories (mean 




group held more negative attitudes than those in the “graduated from college or 
university” group (mean difference=-0.62).  
Although a positive correlation between education and environmental attitude was 
noted in previous surveys (Klinberg, 1998; Dunlap et al., 1993; Jones and Dunlap, 1992), 
the impact of education on wastewater reuse attitudes was somewhat inconsistent in this 
study. For example, more highly educated respondents were likely to be less positive 
toward the firefighting option but were likely to be more positive toward discharging 
reclaimed wastewater into reservoirs that serve as a drinking water supply. Additionally, 
differences on overall attitudes toward wastewater reuse were not statistically significant 
when assessed by education. However, respondents in the "high school or less" group 
tended to be somewhat less positive than the other three groups (Figure 4.9). 
 
Table 4.5 Multivariate test by education concerning attitudes toward wastewater reuse 
      Wastewater reuse options F Sig. Level 
Firefighting 3.271 0.022* 
Golf course irrigation 2.515 0.059 
Lawn irrigation 1.308 0.272 
Car washing 0.986 0.400 
Agricultural irrigation 1.284 0.280 
Laundry 0.072 0.975 
Reservoir discharging 3.382 0.019* 
Groundwater recharging 0.793 0.499 



























Figure 4.9 Overall attitude toward wastewater reuse by educational level (mean <3, 
                       mean=3, mean>3 indicate negative, neutral, and positive attitudes respectively.) 
 
Attitudes toward Wastewater Reuse by Income 
Participants were divided into five categories according to 2001 household 
income: less than $25,000, $25,000-$50,000, $50,000-$100,000, and above $100,000. 
From the descriptive analysis report, the group size of “above $100,000” was very small 
relative to other groups, therefore this category was combined with the “$50,000-
$100,00” group.  The adjusted income categories were “less than $25,000” (N=73), 
‘$25,000-$50,000” (N=96), “$50,000 or above” (N=111). 
Analysis of variance indicated no significant difference concerning overall 
attitudes toward wastewater reuse between different household income levels 
(F(2,0.539)=0.785, p=0.457). Surveys by Lohman and Milliken (1984) and Bruvold (1988) 
on wastewater reuse indicated that people who had lower incomes and were less well-
educated held less positive attitudes toward specific wastewater reuse options.  Theodoris 
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and Luloff (2002) also found that people with higher incomes were more likely to 
maintain proactive positions in environmental issues. However, Van Liere and Dunlap 
(1980) found that the influence of income on attitudes was highly ambiguous. Results of 
this study indicate that the impact of income on wastewater reuse attitudes was not 
significant (Figure 4.10). 
 
Attitudes toward Wastewater Reuse by Ethnicity 
The reported data showed that the dominant ethnicity in the Knoxville 
metropolitan area was Caucasians. Among the participants, over 90% (N=268) identified 
themselves as white; while other ethnicities accounted for less than 10% of the survey 
population. The results are similar to the 2000 census for Knox County. Because of the 


















Figure 4.10 Attitudes toward wastewater reuse by household income (mean <3, mean=3, 
                        mean>3 indicate negative, neutral, and positive attitudes, respectively) 
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Summary of Wastewater Reuse 
This survey indicated that 58% of respondents supported wastewater reuse, but 
the overall attitude was moderate (mean=3.27). Respondent attitudes varied considerably 
regarding specific reuse options. Respondents indicated a strong acceptance for using 
reclaimed water for firefighting, golf course irrigation, lawn irrigation, and vehicle 
washing; however, attitudes shifted to nearly neutral for agricultural irrigation and 
laundry. Finally, respondents strongly opposed discharging reclaimed wastewater into 
reservoirs or groundwater used as a drinking water source. Acceptance appeared to 
decrease with increasing possibility of contact/ingestion. 
No significant difference was found between females and males concerning 
wastewater reuse; however, females tended to be more resistant to options that involved 
close personal contact. Age was significantly associated with attitudes, in particular, the 
65 or over age group was significantly more resistant to the use of reclaimed water for 
laundry. Additionally, this age group was likely to be less supportive overall toward 
wastewater reuse. Respondents with different education levels were likely to hold 
different attitudes toward two specific reuse options. However, for overall attitudes 
toward wastewater reuse, there was no significant difference due to education level. A 
tendency was noted that high school or less participants tended to be more resistant to 
most reuse options. Income was unlikely to be a significant factor influencing attitudes 
toward wastewater reuse. 
No significant differences were observed in overall attitudes by demographic 
characteristics; whereas, for specific options, there were some significant differences. 
This finding suggests that there is likely more variation of attitudes regarding specific 
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options than for overall attitudes. Attitudes toward specific options were more readily 
influenced by demographic characteristics. 
Since only age showed a significant association with attitudes, demographic 
characteristics as a whole are unlikely to be reliable indicators of attitudes toward water 
reuse. However, specific groups within the age (65 or older) and educational attainment 
(high school or less) categories can be used to assess resistance to various wastewater 
reuse options. In general, older, less educated people tend to be less supportive of 
wastewater reuse. 
 
       
Attitudes toward Biosolids Recycling 
 
Overall Attitudes Toward Biosolids Reuse 
The survey instrument included eight common biosolids application options. As 
with wastewater reuse, a Likert-Scale was used to evaluate public attitudes concerning 
biosolids: strongly disagree=1, disagree=2, neutral=3, agree=4, and strongly agree=5. 
The mean of all eight applications represented the overall attitude of the survey 
population. If the mean was three or above three, the attitude was defined as positive; if it 
was less than three, the attitude was defined as negative.  Results of the study 
population’s attitudes toward the various biosolids recycling options are presented in 
Figure 4.11. Results indicated that respondents hold positive attitudes toward all biosolids 
recycling options.  The average mean of the eight options was 3.73 indicating that overall 
acceptance of biosolids recycling was strong. Comparable acceptance was also observed 
in a survey by Rodriguez (1999) which showed over 80% acceptance for the application 
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of biosolids to farmland.   
Figures 4.11 and 4.12 indicate variation of acceptance according to different 
applications. For example, acceptance of biosolids application to home gardens was just 
above neutral (attitudes mean=3.18); while acceptance of biosolids application onto 
forestland (attitude mean=4.24) and highway medians (attitude mean=4.23) was very 
strong. The variation seems to be associated with personal contact concerns: the higher 
the possible contact the lower the acceptance. This tendency was also observed in 
attitudes toward wastewater reuse, and correlation between the attitudes towards 
biosolids recycling and wastewater reuse was strong (r=0.5). This suggests that people 


















































Figure 4.11. Overall attitudes toward eight biosolids recycling options (mean <3, mean=3,  






























































 Figure 4.12 Attitudes toward each biosolids recycling option 
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to wastewater reuse, respondent attitudes were more favorable for biosoids recycling, 
which may be attributed to the survey options tested. For wastewater reuse, three options 
involved a high degree of contact which implied higher health or safety concerns. For 
biosoids recycling applications, most applications involved a low likelihood of contact 
and the concern for health or safety was relatively lower than that for wastewater reuse. 
 
Analysis of Attitudes to Biosolids by Demographic Status  
A more detailed analysis of the data was conducted to determine whether various 
groups comprising the general population differed from each other with respect to 
attitudes toward biosolids recycling applications. 
 
Attitudes toward Biosolids Recycling by Gender 
Figure 4.13 depicts a comparison of gender-differences regarding overall attitudes 
toward biosolids recycling. Although it appears that females are somewhat more 
supportive than males, multivariate analysis did not indicate significant differences in 
attitude within the category of gender (F(1,0.884)=0.767, p=0.382). Associations between 
gender and attitudes regarding environmental issues in past studies were found to be 
inconsistent (Klineberg, 1998; Arcury, 1990). For wastewater reuse, some researchers 
noted that females were more supportive than males (Broad, 1996); while others found 
the opposite (Bruvold, 1988). For biosolids application, Lindsay (1998) found that gender 
did not influence attitudes towards acceptance or rejection. It appears that gender-
differences vary with specific survey subjects. According to this study, no gender-















Figure 4.13 Overall attitudes toward biosolids recycling by gender. 
 
Attitudes toward Biosolids Application by Age 
Multivariate analysis of attitudes indicated significant differences in attitudes by 
age (F(3,5.223)=4.817, p=0.03). In follow-up analysis, significant attitudinal differences 
were noted between the 65 and over age group and other groups regarding five biosolids 
applications: as soil fertilizer on agricultural land, as soil fertilizer on animal grazing 
land, to public parks as mulch, as mulch after composting with leaves and brush, and to 
home gardens as mulch (Table 4.6). No significant differences were noted in attitudes on 
the application of biosolids to highway medians, lawns, and forestland. However, the 65 
or over age group also appeared to be less supportive for these three applications (Figure 
4.14). Overall attitudes of those over 65 years old were significantly less positive and 
significantly lower (Table 4.7) than those for the other age groups 
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Table 4.6 Multivariate test by education concerning attitudes toward wastewater reuse 
Recycling Options F Sig. Level 
Grazing land 4.608 0.004* 
Public park 3.156 0.025* 
Cropland 2.784 0.039* 
Highway Median 1.839 0.140 
Home Garden 3.941 0.009* 
Lawns 1.104 0.348 
Forest land 2.544 0.056 
Composting 6.250 0.000* 
























































 Figure 4.14 Attitudes of four age categories toward biosolids recycling (mean <3,  
                          mean=3, mean>3 indicate negative, neutral, and positive attitudes, respectively) 
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Table 4.7 Comparison of overall attitudes toward biosolids recycling between age groups 
Comparison of Age Category Mean Difference Sig. Level 
18-34 35-49 0.141 1.000 
 50-64 0.011 1.000 
 65+ 0.673 0.007* 
35-49 18-34 -0.141 1.000 
 50-64 -0.129 1.000 
 65+ 0.532 0.025* 
50-64 18-34 -0.011 1.000 
 35-49 0.129 1.000 
 65+ 0.661 0.004* 
65+ 18-34 -0.673 0.007* 
 35-49 -0.532 0.025* 
 50-64 -0.661 0.004* 
                    * mean difference significant at .05 level 
 
Results from this survey indicated that age was likely to be a significant factor 
influencing attitudes toward biosolids recycling, particular for the 65 or over age group. 
Although not statistically significant, the 18-34 age group tended to be more supportive 
of biosolids recycling. Thus, the overall attitudinal tendency of the population could be 
described as supportive but decreased with age, a tendency similar to that of wastewater 
reuse. Lindsay et al. (2000) also found that older people tended to be less positive to land 
application of biosolids. A number of general environmental studies found that age has a 
consistent and significant association with attitudes (Oakes et al, 1997; Jones and Dunlap, 
1992; Mohai and Twight, 1987). Based on results from this work and previous general 
attitudinal environmental studies, it appears that attitudes of the elderly were less positive 
than other age groups and should be specifically addressed before an environmental 
program is implemented. 
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Attitudes toward Biosolids Recycling by Education 
Multivariate tests did not indicate a significant difference between educational 
levels (F(3,0.691)= 0.599, p=0.616) which indicated that respondents from different 
education levels were likely to have similar attitudes toward biosloids recycling (Figure 
4.15). However, these results are inconsistent with previous studies which found that 
education was typically positively associated with attitudes or concerns (Klineberg et al., 
1998; McBeth and Oakes, 1996; Arcury and Christianson, 1993). The discrepancy 


























Figure 4.15 Overall attitudes toward biosolids recycling by education (mean <3, mean=3, 
                         mean>3 indicate negative, neutral, and positive attitudes, respectively) 
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In this survey, public attitudes towards biosolids recycling were assessed using 
eight common bisolids applications; while most previous studies were assessing general 
environmental issues or topics such as siting waste disposal facilities or transportation of 
nuclear waste. Even similar survey topics may obtain different associations. For example, 
education level was found to be insignificant in one survey but significant in another 
(Klineberg et al., 1998) Additionally, the discrepancy in results may be due to the group 
size in this survey. Considering the overall variation typically found in public attitudes, a 
sample size of 300 may not be large enough to identify a weak association between 
education and attitudes. For example, although educational associations were not 
significant in this survey, respondents from the high school or lower group had the lowest 
mean attitude score of the four test groups. A larger sample population may classify the 
extent of low educational level with biosolids attitudes.  
 
Attitudes toward Biosolids Recycling by Income 
Multivariate analysis indicated no significant differences among income levels 
(F(2,0.342)= 0.291, p=0.748 (Figure 4.16). The results were consistent with previous 
surveys (Klinberg, 1998; Lindsay et al., 2000;Van Liere and Dunlap, 1980) which found 
that the influence of income was highly ambiguous. 
 
Summary of Biosolids Recycling  
This survey indicated that support of biosolids recycling was relatively strong, 
except using biosolids on home gardens to which respondents held nearly neutral but 
























Figure 4.16 Overall attitude toward biosolids recycling by income (mean <3, mean=3, 
                         mean>3 indicate negative, neutral, and positive attitudes, respectively) 
 
 
likelihood of contact; lower contact options received more support. 
Age was significantly associated with attitudes toward biosolids recycling (r=-
0.13); support decreased with increasing age. However, the influence of age on attitudes 
was not significant for all age ranges. The 65 or over age group was significantly less 
supportive than others; the 18-34 age group tended to be more supportive than other age 
groups; while for the middle-age respondents, the effect of age was not significant. 
Education was not statistically associated with attitudes; however, the high school or less 
group tended to be less positive than other groups. Results from this study indicated that 
the effect of education was limited. Associations between attitude and income or gender 
were not evident in this survey.  
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Knowledge on Biosolids and Reclaimed Wastewater 
Overall knowledge on biosolids and reclaimed wastewater 
This survey instrument used six questions to assess knowledge about biosolids 
and reclaimed water. Questions were developed based on levels of public environmental 
knowledge reported by other surveys (Arcury, 1987; Rodrigue, 1999; NEETF 2001) 
which indicated that knowledge concerning environmental issues was low. Most 
questions were not highly technical or complex and answers could be gleaned from 
general information sources. Alternatively, responses based on personal experience could 
also form the foundation of each answer (see Appendix B for correct answer). 
Figure 4.17 shows that the level of knowledge concerning wastewater and 
biosolids was very low. Only one question was correctly answered by 70% of the 
respondents; three questions were correctly answered by approximately 50% of the 
respondents, and two questions were correctly answered by only 20% of the respondents. 
The overall correct answer mean for all six questions was less than 50%. Since the level 
of general environmental knowledge has been shown to be low (Arcury, 1987, NEETF 
2001, Gambro, and Switzky, 1996), it was not surprising that knowledge concerning 
biosolids and wastewater was low. Specific studies addressing biosolids have also shown 
knowledge to be low. For example, Rodriguex and Peterson (1999) reported less than one 
third of respondents knew anything about the generation and application of biosolids, and 
information about sludge (biosoids) was rare and poorly understood (Wilkins and 
Patterson, 1987). Further examination of responses indicated that questions 1 and 5, 
which were difficult to answer correctly based on common experience or logical guesses, 
had an extremely low correct percentage. It appears that quantative information 
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concerning wastewater and biosolids was limited. 
 
Knowledge by Demographic Characteristics 
Gender  
There was no significant difference in knowledge level between males and 
females based on a composite analysis of all six questions in the study (Table 4.8) 
indicating that level of knowledge was similar for both genders. Although there was no 
statistically significant gender-difference in knowledge level, males scored about 10% 
















Figure 4.17 Results of the six environmental questions  
1#: The average American produces 30 gallons of wastewater in a day 
2#:  Using treated wastewater for irrigation will result in contamination of groundwater 
3#:  Methods used for wastewater treatment meet federal government regulations for 
       protection of public health 
4#: Biosolids and sewage sludge is the same thing 
5#: Less than 30 percent of bioslids are recycled in the United States 
6#: Under EPA guidelines applying biosolids to land results in soil contamination    
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Table 4.8 Multivariate test for environmental knowledge by gender 
 
Dependent Variable F 
Sig. 
Level 
Question:   
1. The average American produces 30 gallons of wastewater in a 
day 1.847 0.175 
2. Using treated wastewater for irrigation will result in 
contamination of groundwater 1.017 0.314 
3. Methods used for wastewater treatment meet federal 
regulations for protection of public health 2.701 0.101 
4. Biosolids and sewage sludge are the same thing 0.015 0.904 
5. Less than 30 percent of biosolids are recycled in the United 
States 0.81 0.369 
6. Under EPA guidelines, applying biosolids to land results in soil 
contamination 1.068 0.302 
      Overall knowledge 2.168 0.142 
















Figure 4.18 Percentage of correct responses for environmental questions by gender 
1#: The average American produces 30 gallons of wastewater in a day 
2#:  Using treated wastewater for irrigation will result in contamination of groundwater 
3#:  Methods used for wastewater treatment meet federal government regulations for 
       protection of public health 
4#: Biosolids and sewage sludge is the same thing 
5#: Less than 30 percent of bioslids are recycled in the United States 
6#: Under EPA guidelines applying biosolids to land results in soil contamination    
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that males correctly answered five questions more frequently than females. This result is 
consistent with previous studies.  Using results from several statewide surveys, Arcury et 
al. (1986,1987) and Arcury and Johson (1987) found that males were more 
knowledgeable concerning environmental issues. Additionally, the National 
Environmental Education and Training Foundation (NEETF) (2000) reported that twice 
as many men answered questions concerning general environmental issues correctly 
compared to women. 
 
Age 
Multivariate Analysis indicated significant differences in the composite 
environmental knowledge of the various age groups (F(3,0.508)=9.62, p<0.001). 
Specifically, young people tended to get more questions correct than older people. This 
tendency was confirmed by correlation analysis, which showed that age was inversely 
related to environmental knowledge (r=-0.221). Results of this study are consistent with 
previous general environmental research (Arcury, 1990; Arcury et al. 1986,1987; 
NEETF, 2000).  
Analysis of individual questions revealed significant differences for four 
questions (#2, 3,4 and 6) based on age (Table 4.9). Post-hoc tests indicated that the age 
65 or over group had significantly lower overall knowledge than other age cohorts (Table 
4.10).  Figure 4.19 shows the composite correct response for all questions based on age 
cohort. The data show that the youngest age group had the highest score while the oldest 
group had the lowest score. Scores for the remaining two age cohorts were lower than 
those of the youngest age group; however, the differences were not statistically  
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Table 4.9 Multivariate test for environmental knowledge by age 
Dependent Variable F 
Sig. 
Level 
Question:   
1. The average American produces 30 gallons of wastewater in a 
day 0.424 
0.736 
2. Using treated wastewater for irrigation will result in 
contamination of groundwater 5.509 0.001
* 
3. Methods used for wastewater treatment meet federal 
regulations for protection of public health 3.176 0.025
* 
4. Biosolids and sewage sludge are the same thing 11.936 0.000* 
5. Less than 30 percent of biosolids are recycled in the United 
States 1.008 0.390 
6. Under EPA guidelines, applying biosolids to land results in soil 
contamination 5.425 0.001
* 
     Overall knowledge 9.623 0.000* 





Table 4.10 Comparison of overall knowledge between four age groups 
 
Comparison of Age Category Mean Difference Sig. Level 
18-34 35-49 0.045 1.000 
 50-64 0.014 1.000 
 65+ 0.208 .000* 
35-49 18-34 -0.045 1.000 
 50-64 -0.031 1.000 
 65+ 0.163 .000* 
50-64 18-34 -0.014 1.000 
 35-49 0.031 1.000 
 65+ 0.194 .000* 
65+ 18-34 -0.208 .005* 
 35-49 -0.163 .000* 
 50-64 -0.194  .000* 


































Figure 4.19 Average scores of four age categories on environmental questions (based on 6 
                        point scale-one point for each correct response)  
 
significant. Because the 65 or over age group knowledge level was significantly lower 
than that for the other groups, it seems that educational programs should be directed to 
this group.  
 
Education level 
Multivariate analysis indicated significant differences between knowledge and 
education levels (F(3,0.275)=5.041, p=0.002). Respondents completing high school or less 
had a lower correct percentage than other groups while respondents with a bachelor’s 
degree or higher had a higher correct percentage (Figure 4.20). This study indicates that 
educational attainment is associated with knowledge level and the positive correlation 
between higher education and knowledge level (r=0.26) is statistically significant. 
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Follow-up analysis indicated that significant differences existed for four of the six 
questions (#2,3,4 and 5) as shown in Table 4.11. Respondents from the “complete high 
school or less” group were less likely to correctly answer the four questions and their 
overall environmental knowledge was much lower than average (Table 4.12). The 
findings in this study are consistent with results of previous general environmental 
studies (Arcury, 1990; Arcury et al. 1986,1987; NEETF, 2000). Thus, it appears that 
education level can be used as an indicator to estimate environmental knowledge.  
The analysis also suggests some inconsistencies for specific questions.  For 
example, the group that had completed a master degree or higher had an overall lower 
score than other educational groups for some questions. One possible explanation could 
be attributed to the small group size. When group size is small and variation in the 
population is large, results attained may not be representative of that population 

















Figure 4.20 Level of correct responses for environmental questions by education 
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Table 4.11 Multivariate test for environmental knowledge by educational level 
 
Dependent Variable F Sig.Level
Question:   
1. The average American produces 30 gallons of wastewater in a 
day 0.743 
0.527 
2. Using treated wastewater for irrigation will result in 
contamination of groundwater 5.854 0.001
* 
3. Methods used for wastewater treatment meet federal 
regulations for protection of public health 3.330 0.020
* 
4. Biosolids and sewage sludge are the same thing 5.337 0.001* 
5. Less than 30 percent of biosolids are recycled in the United 
States 2.786 0.041
* 
6. Under EPA guidelines, applying biosolids to land results in soil 
contamination 2.422 0.066 
     Overall knowledge 5.041 0.002* 




Table 4.12 Difference in knowledge between completing high school group and others 
 
* mean difference significant at 0.05 level. 
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Household income  
Multivariate testing indicated significant differences on environmental knowledge 
by household income (Table 4.13). Follow-up analysis showed a significant difference in 
household between the lowest earning group (≤$25,000) and the other income categories 
for question 2 and overall knowledge (Table 4.14). Figure 4.21 indicates a tendency of 
increased knowledge with increased income. Additionally, those with incomes less than 
$25,000 were less likely to correctly answer the biosolids and wastewater reuse questions 
than other income groups. Correlation between knowledge and income was found to be 
significant and positive (r=0.154) for the lowest earning group in this study. 
Previous studies addressing general environmental knowledge and income 
reported inconsistent results. For example, Arcury and Johnson (1987) and Arcury (1990) 
found that income had a consistent and positive association with public environmental 
 
Table 4.13 Multivariate test for environmental knowledge by income 
 
Dependent Variables F Sig. 
Level 
Questions   
 The average American produces 30 gallons of wastewater in 
a day. 
1.255 .287 
 Using treated wastewater for irrigation will result in 
contamination of groundwater. 
6.095 .003* 
 Methods used for wastewater treatment meet federal 
regulations for protection of public health. 
1.056 .349 
 Biosolids and sewage sludge are the same thing. 1.755 .175 
 Less than 30 percent of biosolids are recycled in the United 
States. 
1.031 .358 
 Under EPA guidelines, applying biosolids to land results in soil 
contamination. 
1.982 .140 
     Overall knowledge 4.919 .008* 




Table 4.14. Difference in knowledge between income less than $ 25k group and others 







$25k-50k -0.2196 0.013* Using treated wastewater for 
irrigation will result in 
contamination of groundwater 
≤$25k 
≥$50k -0.2427 0.003* 
$25-50k -0.0943 0.030* Overall knowledge ≤$25k 
≥$50k -0.103 0.011* 































Figure 4.21 Level of correct responses for environmental questions by income  
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 knowledge. However, the NEETF study (2001) indicated that no income subgroup 
answered more questions correctly. Although the association between knowledge and 
income shown in this study might be weak, results support the findings of the earlier 
studies. 
 
Association between Attitudes and Knowledge 
Attitudes towards wastewater reuse or biosolids recycling showed a positive and 
significant correlation with environmental knowledge (Pearson correlation coefficients of 
0.31 and 0.36, respectively). Previous studies have also demonstrated a positive and 
significant association between general environmental knowledge and attitudes (McBeth 
and Oakes, 1996; Arcury, 1990; Arcury and Johson, 1987; Rodriguez and Peterson, 
1999). In a study specifically addressing attitudes about land application of biosolids, 
Lindasy (2000) found that a lack of knowledge concerning land application of biosolids 
significantly decreased the probability of project support. 
Since questions 2 and 6 may be perceived as attitudinal and therefore strongly 
affluence the relationship between attitudes, including them may incrase the correlation 
between these two parameters.  Further analysis was conducted to address this possibility. 
The results, after removing questions 2 and 6, indicated a lower correlation coefficient 
(0.13, 0.15 respectively) indicating that the two questions strongly affected the 
relationship between knowledge and attitudes. Although the correlation coefficient 
decreased, the effect of knowledge on attitudes was still statistically significant (p<0.05) 
indicating that  the positive effect of knowledge on attitudes was consistent. 
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Summary of Environmental Knowledge   
If overall knowledge concerning wastewater reuse and biosolids recycling is 
defined by the percentage of correct responses, the analysis indicated that this study 
population was not very knowledgeable in this specific field. The overall level of correct 
responses was less than fifty percent and knowledge concerning specific quantitative 
information was extremely low. 
The analysis also indicated that age and educational level, rather than gender or 
household income, were significant factors that influenced knowledge of wastewater 
reuse and/or biosolids recycling. Knowledge was found to be lower with increased age (≥ 
65) and lower educational attainment level (≤ high school degree). Although it was not 
statistically significant, it appears that male respondents were more knowledgeable than 
female respondents. Although the association between knowledge and household income 
was found to be weak, knowledge was significantly and positively associated with 
attitudes toward wastewater reuse or biosolids recycling. 
This study identified a specific group (≥65, ≤high school degree, income 
≤$25,000) that was likely to have a low level of environmental knowledge. Additionally, 
this group was also less supportive of wastewater reuse and biosolids recycling than the 












Information Sources Concerning Wastewater and Biosolids 
This survey instrument assessed the use of eight common information sources: 
newspapers, television, the Internet, governmental agencies, local utilities, universities or 
other academic organizations, friends, and environmental groups. For each source, 
respondents were asked to indicate use levels as ‘frequently’, ‘sometimes’, or ‘never’.  
Figure 4.22 indicates that the study population utilized newspapers and television 
as the two dominant information sources regarding environmental issues. Over 80% of 
the respondents indicated that they obtained environmental information from these two 
sources with over 50% indicating frequent use. Friends or family members and the 
Internet were secondary sources based on frequency of use. Less than 15% of 
respondents frequently use the other four sources listed. As shown in Figure 4.23, more 
than ninety percent frequently use no more than four information sources and sixty-six 
percent of the respondents frequently use two or less information sources. The data 
suggested that an effective vehicle for environmental education might be through 
television and newspapers.  
 
Analysis of Information Sources by Demographic Characteristics  
Multivariate testing indicated a significant gender difference in newspaper use as 
an information source (p=0.04). Females were more likely to frequently use the 
newspaper than males. With respect to age, the oldest group (≥65) was significantly less 
likely to utilize the Internet than other groups for environmental information (p=0.034). 


















































































Figure 4.23 Number of frequently used information sources 
 
(r=0.183). Respondents in the lowest education level utilized significantly fewer 
information sources than the overall population (p<0.001).  
Information sources had no significant relationship with attitudes or 
environmental knowledge. This finding indicates that information sources were a minor 
factor influencing knowledge and attitudes. However, Stycos and Petter (1995) found that 
knowledge was closely related to television and newspaper exposure when dealing with 
environmental knowledge and attitudes concerning a New York City watershed. 
However, Lindsay et al. (2000) suggested that the less volume of information presented 
by the media, the more supportive residents were of biosolids land application.  
It is difficult to assess the importance of the media on this study population since 
two confounding issues were not addressed. First, it was unclear how much information 
concerning biosoids and wastewater was provided through television and newspaper prior 
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to this study and second, whether the information covered by the media was positive or 
negative. Therefore, the effect of information sources on attitudes and knowledge needs 
to be addressed after the above two issues have been evaluated. 
    
Summary of Information Sources 
This study indicated that television and newspaper were dominant information 
sources and that most people frequently use no more than four information sources. 
Information sources such as governmental agencies, local utilities and environmental 
groups were likely to be negligible information sources.  
Significant differences were noted for the demographic characteristics of age and 
education; however, the effect was specific and most pronounce for older and less 
educated respondents.  
 
 
Associations among Knowledge, Attitudes and Demographics  
Correlation between/within demographic factors and attitudes, environmental 
knowledge and information sources were assessed using the SPSS 11.0 software package. 
As shown in Figure 4.24, correlations were found among demographic characteristics. 
Specifically, the age 65 or over and high school or less groups usually responded 
considerably difference than the other groups. Age and education were also found to be 
significantly associated with knowledge, and age also was a significant factor influencing 
attitudes toward both wastewater reuse and biosolids recycling. Thus age and education 
were likely to be important demographic characteristics in estimate public attitudes and 
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knowledge. 
A significantly positive association was found between knowledge and attitudes 
toward wastewater reuse and biosolids recycling, and the correlation was relatively strong 
(r>0.3). People with more knowledge concerning wastewater reuse and biosolids 
recycling were likely to hold more positive attitudes. It seems increasing knowledge can 
effectively increase support.  
Attitudes between wastewater reuse and biosolids recycling were strongly 
correlated (r=0.5); people with positive attitudes toward wastewater reuse were also 
likely to be positive to biosolids recycling. The results demonstrate that public attitudes 
toward wastewater reuse and biosolids recycling tended to be similarly influenced. 
Attitudes obtained for one issue may indicate overall attitudes for the other. 
The correlations identified that knowledge was the core factor in predicting public 
attitudes toward wastewater reuse and biosolids recycling; people with more 
environmental knowledge tended to have more positive attitudes. However, no significant 
associations were found among information sources and environmental knowledge or 
attitudes. 
An overall evaluation of the association found in Table 4.15 show that potential 
indicators of public attitudes were age, education and knowledge. The profile of 
respondents with negative attitudes includes older, less educated people that do not have 







































Figure 4.24. Association among demographic, attitude, knowledge and information 
sources (all correlations were statistically significant at 0.05 level) 
Attitude to bioslids recycling Attitude to wastewater reuse 
Environmental Knowledge
Information sources
Age Education Income 
Negative effect Positive effect 
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Table 4.15 Correlation between demographics, knowledge, attitude and information sources 





Education -0.154 -- 0.389 -- -- 
Attitude (wastewater) -0.122 -- -- -- -- 
Attitude (biosolids) -0.151 -- -- 0.5 -- 
Knowledge -0.219 0.211 0.166 0.305 0.36 
Information Sources -- 0.177 0.211 -- -- 










An instrument was specifically developed to evaluate public attitudes and 
knowledge concerning wastewater reuse and biosolids recycling. Data from 300 Knox 
County area residents was collected using a random dial telephone survey. The SPSS 11.0 
software program was used to analyze the data. Results of this study can be summarized 
as follows. 
 
 Respondents had an overall supportive attitude towards wastewater reuse and 
biosolids recycling. However, attitudes varied considerably according to the options 
assessed. For example, respondents strongly disagreed with options involving 
discharging of reclaimed water into reservoirs or groundwater used as a drinking 
water supply. 
 Acceptance of biosolids recycling and wastewater reuse options decreased with 
increasing potential for consumption or contact. 
 Gender differences were not significant in this study. 
 Age and education were significantly associated with attitudes and knowledge. Older 
(≥ 65) and less educated (≤ high school) respondents indicated both less positive 
attitudes and lower levels of environmental knowledge and the differences were 
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significant. Since age and education were positively correlated, the correlation of 
these parameters will likely intensify overall responses. 
  Overall, the study population was not very knowledgeable about the wastewater 
reuse and biosolids recycling issues addressed in this survey. Knowledge was 
significantly and positively associated with attitudes so increasing knowledge was 
likely to increase public support. 
 According to this study, three factors may be used as indicators of attitudes: age, 
education, and knowledge. 
 Television and newspaper were two dominant information sources for environmental 
news. 
 Both income and information sources had little effect on attitudes and knowledge.  
 In general, participants who were older, less educated and less knowledgeable about 
environmental issues tended to have less positive attitudes toward wastewater reuse 




Although the main goal of this study was achieved, some improvements can be made to 
extend the application of future studies in this area.  
  
 Due to the complexity and variability of factors affecting attitudes and knowledge, 
the relatively small sample size of 300 may not fully identify weak associations or 
differences. An increased sample size would improve the statistical analysis. 
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 In this study, the overall level of environmental knowledge was low while support of 
wastewater reuse and biosolids recycling was relatively high. It is not clear whether 
the survey instrument properly identified knowledge or if knowledge was not an 
important indicator of support. Items used to assess knowledge may need to be 
revised. 
 This survey only considered demographic factors and knowledge as indicators of 
attitudes. Previous studies have also used other factors such as trust and belief to 
assess environmental attitudes. These factors should be included in future survey. 
 Since the age 65 or over group was found to be quite different than the general 
population, additional analysis of this cohort may be helpful in identifying specific 
concerns.  
 The association between specific and general environmental issues, environmental 
attitudes and environmental behavior were not addressed in this survey. An 
investigation of this association may assist in the analysis of wastewater/biosolids 
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Hello, my name is _________ and I am calling from the Social Science 
Research Institute at the University of Tennessee.  I am conducting a survey to 
find out what people in Knox County think about some environmental issues.  
The survey will last less than ten minutes.  May I speak to the person over 18 
with the most recent birthday?  
 
Section 1a.  Attitudes (Wastewater Reuse) 
As you know, wastewater is collected from bathtubs, washing machines, 
sinks, dishwashers, and toilets.  From our homes, businesses, and industries, the 
wastewater goes to a treatment plant where it’s cleaned and the solids are 
removed.  The treated wastewater is usually released into a river, but it can be 
recycled.  We’d like to know your opinion on the following recycling choices.   
  
 
 Recycled wastewater should be used for watering a golf course.  
Do you agree or disagree with this statement? 
 
1 Disagree  [FOLLOW WITH…..Do you strongly disagree?] 
2 Agree  [FOLLOW WITH…..Do you strongly agree?] 




 Recycled wastewater should be used for watering your yard.   Do 
you agree or disagree with this statement? 
 
1  Disagree  [FOLLOW WITH…..Do you strongly disagree?] 
2  Agree  [FOLLOW WITH…..Do you strongly agree?] 
      8  Not Sure 
9  Missing/Refused 
 
 Recycled wastewater should be used for watering farm crops.   Do 
you agree or disagree with this statement? 
 
1  Disagree  [FOLLOW WITH…..Do you strongly disagree?] 
2  Agree  [FOLLOW WITH…..Do you strongly agree?] 
      8  Not Sure 
9  Missing/Refused 
 
 Recycled wastewater should be used for washing your car or truck.   
Do you agree or disagree with this statement? 
 
1  Disagree  [FOLLOW WITH…..Do you strongly disagree?] 
2  Agree  [FOLLOW WITH…..Do you strongly agree?] 
      8  Not Sure 
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9  Missing/Refused 
 Recycled wastewater should be used for washing your clothes.   Do 
you agree or disagree with this statement? 
 
1  Disagree  [FOLLOW WITH…..Do you strongly disagree?] 
2  Agree  [FOLLOW WITH…..Do you strongly agree?] 
      8  Not Sure 
9  Missing/Refused 
 
 Recycled wastewater should be used for fire fighting.   Do you 
agree or disagree with this statement? 
 
1  Disagree  [FOLLOW WITH…..Do you strongly disagree?] 
2  Agree  [FOLLOW WITH…..Do you strongly agree?] 
      8  Not Sure 
9  Missing/Refused 
 
 Recycled wastewater should be added to drinking water reservoirs.   
Do you agree or disagree with this statement? 
 
1  Disagree  [FOLLOW WITH…..Do you strongly disagree?] 
2  Agree  [FOLLOW WITH…..Do you strongly agree?] 
      8  Not Sure 
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9  Missing/Refused 
 
 Recycled wastewater should be pumped into the groundwater for a 
drinking water supply .   Do you agree or disagree with this statement? 
 
1  Disagree  [FOLLOW WITH…..Do you strongly disagree?] 
2  Agree  [FOLLOW WITH…..Do you strongly agree?] 
      8  Not Sure 
9  Missing/Refused 
 
 
Section 1b.  Attitudes (Biosolids Recycling) 
As you may know, the solids that are removed from the wastewater are 
cleaned even more to make them safe.  They are called biosolids and can also 
be recycled.  We’d like to know your opinion on the following choices. 
 
 
 Biosolids should be used as a fertilizer on farmland.  Do you agree 
or disagree with this statement? 
 
1   Disagree  [FOLLOW WITH…..Do you strongly disagree?] 
2   Agree  [FOLLOW WITH…..Do you strongly agree?] 




 Biosolids should be used as a fertilizer on animal pasture land.  Do 
you agree or disagree with this statement? 
 
1  Disagree  [FOLLOW WITH…..Do you strongly disagree?] 
2  Agree  [FOLLOW WITH…..Do you strongly agree?] 
      8  Not Sure 
9  Missing/Refused 
 
 
 Biosolids should be used in public parks as mulch to control weeds.  
Do you agree or disagree with this statement? 
 
1  Disagree  [FOLLOW WITH…..Do you strongly disagree?] 
2  Agree  [FOLLOW WITH…..Do you strongly agree?] 
      8  Not Sure 
 9  Missing/Refused 
 
 
 Biosolids should be used on highway medians as mulch to control 
weeds.  Do you agree or disagree with this statement? 
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1  Disagree  [FOLLOW WITH…..Do you strongly disagree?] 
2  Agree  [FOLLOW WITH…..Do you strongly agree?] 
      8  Not Sure 
 9  Missing/Refused 
 
 
 Biosolids should be used in home gardens as mulch to control 
weeds.  Do you agree or disagree with this statement? 
 
1  Disagree  [FOLLOW WITH…..Do you strongly disagree?] 
2  Agree  [FOLLOW WITH…..Do you strongly agree?] 
      8  Not Sure 
9  Missing/Refused 
 
 
 Biosolids should be used on yards to help the grass grow.  Do you 
agree or disagree with this statement? 
 
1  Disagree  [FOLLOW WITH…..Do you strongly disagree?] 
2  Agree  [FOLLOW WITH…..Do you strongly agree?] 
      8  Not Sure 




 Biosolids should be used in forests to help the trees grow.  Do you 
agree or disagree with this statement? 
 
1  Disagree  [FOLLOW WITH…..Do you strongly disagree?] 
2  Agree  [FOLLOW WITH…..Do you strongly agree?] 
      8  Not Sure 
 9  Missing/Refused 
 
 
 Biosolids should be mixed with leaves and brush, and then used as 
mulch.  Do you agree or disagree with this statement? 
 
1  Disagree  [FOLLOW WITH…..Do you strongly disagree?] 
2  Agree  [FOLLOW WITH…..Do you strongly agree?] 
      8  Not Sure 




Section 2.  Information Sources 
 
Now, I am going to read a list of sources that you might use to find out 
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about the natural world and environmental issues.  For each one I read, please 
tell me how often you use that source for environmental information. 
 
 Newspaper.  Do you use it frequently, sometimes or never to learn 
about environmental issues? 
 
 1  Frequently  
 2  Sometimes 
 3  Never 
 8  Not Sure 
 9  Missing/Refused 
 
 
 Television.  Do you use it frequently, sometimes or never to learn 
about environmental issues? 
 
 1  Frequently  
 2  Sometimes 
 3  Never 
 8  Not Sure 




 The Internet.  Do you use it frequently, sometimes or never to learn 
about environmental issues? 
 
 1  Frequently  
 2  Sometimes 
 3  Never 
 8  Not Sure 
 9  Missing/Refused 
 
 Governmental agencies.  Do you use them frequently, sometimes 
or never to learn about environmental issues? 
 
 1  Frequently  
 2  Sometimes 
 3  Never 
 8  Not Sure 
 9  Missing/Refused 
 
 Local utility company.   Do you use it frequently, sometimes or 
never to learn about environmental issues? 
 
 1  Frequently  
 2  Sometimes 
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 3  Never 
 8  Not Sure 
 9  Missing/Refused 
 
 University of Tennessee.  Do you use it frequently, sometimes or 
never to learn about environmental issues? 
 
 1  Frequently  
 2  Sometimes 
 3  Never 
 8  Not Sure 
 9  Missing/Refused 
 
 
 Friends or family members.  Do you use them frequently, 
sometimes or never to learn about environmental issues? 
 
 1  Frequently  
 2  Sometimes 
 3  Never 
 8  Not Sure 




 Environmental groups.  Do you use them frequently, sometimes or 
never to learn about environmental issues? 
 
 1  Frequently  
 2  Sometimes 
 3  Never 
 8  Not Sure 
 9  Missing/Refused 
 
 
Section 3.  Environmental Knowledge 
 
Now I am going to read you a list of statements.  Please tell me whether 
you think these statements are true or false. 
 
 The average American produces 30 gallons of wastewater in a day?  
 
 1  True 
 2  False 
 8  Don’t Know 
 9  Missing/Refused 
 
 Using treated wastewater for irrigation will result in contamination of 
groundwater.  
 
 1  True 
 2  False 
 8  Don’t Know 
 93
 9  Missing/Refused 
 
 Methods used for wastewater treatment meet federal regulations for 
protection of public health.  
 
 1  True 
 2  False 
 8  Don’t Know 
 9  Missing/Refused 
 
 Biosolids and sewage sludge are the same thing.  
 
 1  True 
 2  False 
 8  Don’t Know 
 9  Missing/Refused 
 
 
 Less than 30 percent of biosolids are recycled in the United States. 
 
 1  True 
 2  False 
 8  Don’t Know 
 9  Missing/Refused 
 
 
 Under EPA guidelines, applying biosolids to land results in soil 
contamination. 
 
 1  True 
 2  False 
 8  Don’t Know 
 9  Missing/Refused 
 
 
Section 4.  Demography Characteristics 
 
Now I would like to ask you just a few questions so that we can compare your 
answers to those of others.  Please remember that all of your answers are 
confidential. 
 






 What is your age?  Are you [READ CATEGORIES] 
 1) 18-24     
 2) 25-34     
 3) 35-49     
 4) 50-64     
 5) 65 or older    
 9) Missing/Refused 
 
 
 What level of education have you received?  
 
 1 Did not complete high school      
 2 graduated from high school     
 3 some college or university  
 4 graduated from college or university    
 5 completed masters degree or higher 





 Which ethnic group do you consider yourself to be a part of? 
 
 1  White (Caucasian)    
 2  Black or African American    
 3  Hispanic    
 4  Asian   
 5  American Indian 
 6  Other 
 8  Not Sure 
 9  Missing/Refused 
 
 
 And lastly, which category best describes your total     household 
income before taxes in 2001. 
 
 1  Under $25,000    
 2  25,000-50,000    
 3  51,000-100,000    
 4  more than 100,000 
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 Answer for Survey Questions in Section Three 
1. The average American produces 30 gallons of wastewater 
in a day 
The correct answer is “no”. 
The average amount of wastewater generated per day is about 80 
gallons (Solley et al, 1993) 
 
2. Using treated wastewater for irrigation will result in 
contamination of groundwater 
The correct answer is “no” 
If properly managed, risk of groundwater contamination can be 
negligible (Crook, 1996; Liberti et al, 2000) 
 
3. Methods used for wastewater treatment meet federal 
regulations for protection of public health 
The correct answer is “yes” (EPA, 1996) 
 
4. Biosolids and sewage sludge are the same thing 
The correct answer is “no” (www.epa.gov) 
 
5. Less than 30 percent of biosolids are recycled in the United 
States 
The correct answer is “no” 
More than 50% of biosolids are recycled in United States. (EPA, 
1999; Goldstein, 1998). 
 
6. Under EPA guidelines, applying biosolids to land results in 
soil contamination 
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